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Primary progressive aphasia (PPA) is a neurodegenerative disorder in which language is the earliest affected and most impaired aspect of cognitive functioning.
There are three main variants which are characterised by distinct language deficits (Gorno-Tempini et al., 2011) . In the semantic variant (svPPA), there are impairments in confrontation naming, word comprehension, and object knowledge. In the nonfluent variant (nfPPA), speech is slow and effortful, and there may be agrammatism and/or motor speech difficulties. In the logopenic variant (lvPPA), spontaneous speech may be compromised by word finding difficulties or phonological errors, and there is poor repetition of sentences and phrases. Spelling impairment is a common feature at presentation in PPA (Knibb, Xuereb, Patterson, & Hodges, 2006; Mesulam, Wieneke, Thompson, Rogalski, & Weintraub, 2012) , and it may be the earliest symptom (Faria et al., 2013; Luzzi & Piccirilli, 2003; Sepelyak et al., 2011) .
There is currently no curative treatment for PPA, and pharmacological therapies are limited. Behavioural interventions are therefore an important option. These usually focus on spoken language, but in some cases remediation of written language is desirable.
People vary in the degree to which they interact with text in daily life, but use of e-mail, social media, and the internet more generally, are becoming common. As a result, impairments in spelling will have a greater impact on functioning. In addition, many people make regular use of writing to make lists, write letters and Christmas cards, take notes, sign cheques and documents, etc. and impairments in spelling and/or handwriting adversely affect these activities. At the other end of the spectrum, in more advanced stages of PPA, written language may be better preserved than spoken (e.g., Code, Muller, Tree, & Ball, 2006; Snowden, Kindell, Thompson, Richardson, & Neary, 2012) and the ability to produce interpretable writing could become important, or even essential, for basic communication.
This paper reviews therapy options for spelling and handwriting impairments in PPA. In order to guide assessment, and target treatment at the appropriate component(s)
of the spelling/handwriting system, it is essential to understand the nature of the system and the theoretical interpretation of known dysgraphic syndromes. Accordingly, this review describes models of the spelling and handwriting systems, established patterns of 
NATURE OF THE SPELLING SYSTEM & TYPICAL PATTERNS OF IMPAIRMENT
The dual-route model has long dominated the field of spelling research. As the name implies, this model hypothesises that spelling is accomplished by two distinct procedures (see Figure 1 ) (Ellis, 1982; Houghton & Zorzi, 2003; Margolin, 1984; Martin & Barry, 2012; McCloskey, Macaruso, & Rapp, 2006) . The lexical route involves accessing stored representations of the orthography of known words, while the assembled route involves generating the spelling of nonwords and unfamiliar words on the basis of knowledge about the correspondences between sounds and letters. Many versions of the model postulate a third route which involves accessing orthographic representations without involvement of the semantic system (i.e., lexical spelling without semantics) (Patterson, 1986) . Output from each route converges on the graphemic buffer, a temporary store where the relevant graphemes (abstract representations of letters) are maintained while output processes (e.g., handwriting, typing) are executed.
( Figure 1 about here)
Alternatives to the dual-route model have been proposed. These are connectionist models (which are often implemented as computer simulations) in which the system learns to associate patterns of input and output without being given explicit rules or a lexicon (e.g., Bullinaria, 1994 Bullinaria, , 1997 Olson & Caramazza, 1994) . This contrasts with the dual-route model which incorporates a series of rules and representations. The triangle model is a connectionist model in which spelling and other language functions (i.e., reading, naming) are accomplished via the same system, and one process is used for spelling all types of words and nonwords (see Figure 2 ) (Plaut, McClelland, Seidenberg, & Patterson, 1996; Seidenberg & McClelland, 1989) . Knowledge about words is represented as graded patterns of activation across processing units in orthography, semantics and phonology, which are separate but highly interactive.
( Figure 2 about here)
Although the dual-route and triangle models both provide explanations for the patterns of dysgraphia outlined below, interpretation of the underlying cause of impairment differs. In dual-route models, a spelling deficit arises from damage to spelling-specific processes, while in the triangle model it may arise from phonological or semantic impairment.
Types of spelling disorder
Surface dysgraphia. The hallmarks of surface dysgraphia are difficulty spelling words with exceptional sound-to-spelling correspondences and a tendency to make phonologically plausible errors (e.g., toast -> TOST, cough -> COFF) (Beauvois & Derouesné, 1981) . Spelling of words with regular sound-to-spelling correspondences (e.g., splash, thing), and of nonwords (e.g., rint, sove), is preserved. This pattern is readily explained by the dual-route model which hypothesises damage to the lexical spelling route(s) and consequent over-reliance upon the assembled route. This results in errors on exception words (e.g., choir, tomb), which by definition do not incorporate the most common phoneme-to-grapheme correspondences. According to the triangle model, surface dysgraphia is a consequence of semantic impairment (see below).
Phonological and deep dysgraphia. The main feature of phonological dysgraphia is a lexicality effect: there is poor spelling of nonwords with relatively preserved spelling of real words (Roeltgen, Sevush, & Heilman, 1983; Shallice, 1981 (Jefferies, Sage, & Lambon Ralph, 2007; Rapcsak et al., 2009) . Deep dysgraphia encompasses the features of phonological dysgraphia, but in addition there are semantic errors (e.g., "chair" -> TABLE, "yacht" -> BOAT), and these patients may be completely unable to spell nonwords (Bub & Kertesz, 1982; Hillis, Rapp, & Caramazza, 1999) .
Graphemic buffer disorder.
Pathologically rapid decay of information in the graphemic buffer leads to production of nonphonologically plausible spelling errors comprising letter omissions, transpositions, insertions and additions (Caramazza, Miceli, Villa, & Romani, 1987) . The hallmark of this disorder is a decrease in accuracy (measured as percent letters correct per word) with increasing word length.
NATURE OF THE HANDWRITING SYSTEM AND TYPICAL PATTERNS OF

IMPAIRMENT
It has been proposed that there are two levels of processing involved specifically in handwriting (see Figure 1 ) (Ellis, 1982; Margolin, 1984) . Information is transmitted from the graphemic buffer to the allographic level where knowledge about letter shapes is stored (including upper and lower case, print and cursive). Once the appropriate letter form is selected, graphic motor patterns specify the required sequences of strokes to write the letter.
Impairment at the allographic level (only) causes difficulty with remembering letter shapes, but once a letter shape has been recalled or made available to copy, well formed letters should be written fluently (e.g., Graham et al., 1997) . Allographic impairment may lead to letter substitutions, additions, omissions, and MiXEd case errors (Weekes, 1994) . Production of poorly formed letters in the absence of motor or praxic deficits suggests disruption at the level of graphic motor patterns (e.g., Baxter & Warrington, 1986) . 
NEUROANATOMY OF DISORDERS OF SPELLING AND HANDWRITING
Precise localisation of the neuroanatomical substrates involved in spelling and
handwriting has yet to be achieved. It is, however, possible to identify the most common loci of brain abnormality in the major types of dysgraphia.
Surface dysgraphia. The pathology is typically located in the left temporo-parietaloccipital region, including the angular gyrus, the posterior inferior temporal gyrus and the fusiform gyrus (Beauvois & Derouesné, 1981; Behrmann, 1987; Rapcsak & Beeson, 2004; Roeltgen & Heilman, 1984) . This syndrome has also been documented in conjunction with left anterior temporal lobe atrophy in svPPA patients (e.g., Caine, Breen, & Patterson, 2009; Graham, Patterson, & Hodges, 2000; Shim, Hurley, Rogalsky, & Mesulam, 2012; Ward, Stott, & Parkin, 2000) .
Phonological and deep dysgraphia. The lesions tend to involve the left temporo-parietal and perisylvian areas, including Broca's area, the precentral gyrus, the insula, the supramarginal gyrus, and Wernicke's area (Alexander, Friedman, Loverso, & Fischer, 1992b; Faria et al., 2013; Henry, Beeson, Stark, & Rapcsak, 2007; Hillis et al., 2002; Philipose et al., 2007; Rapcsak et al., 2009; Shim et al., 2012) . Some researchers have found evidence that damage to the posterior inferior temporal gyrus (Brodmann area 37) may also be implicated in phonological dysgraphia (Alexander et al., 1992b; Philipose et al., 2007) . In deep dysgraphia the lesions tend to be large (e.g., Bormann, Wallesch, & Blanken, 2008) and to subsume areas known to be involved in phonological dysgraphia (Roeltgen, 1994) .
Graphemic buffer disorder. The neuroanatomical regions damaged in patients with graphemic buffer disorder are diverse, and include the left parietal-occipital (de Partz, 1995; Hillis et al., 2002; Kay & Hanley, 1994; McCloskey, Badecker, GoodmanSchulman, & Aliminosa, 1994) , left temporo-parietal (Tainturier & Rapp, 2003) , right temporo-parietal (Gvion & Friedmann, 2009) , left posterior temporal (Kan, Biran, (Badecker, Hillis, & Caramazza, 1990; Caramazza et al., 1987; Hillis & Caramazza, 1989; Lesser, 1990) , right fronto-parietal (Hillis & Caramazza, 1989) , and left fronto-temporal areas (Posteraro, Zinelli, & Mazzucchi, 1988) . In addition, Roeltgen (1994) reported six patients with graphemic buffer impairment who had "relatively discrete" lesions in "Exner's area", the posterior portion of the middle frontal gyrus (Brodmann area 6) which was proposed as a "writing centre" by Exner in 1880 (see Roux et al., 2009 Disorders of handwriting. Impairments in handwriting are can arise from functional damage at the allographic level and/or at the level of graphic motor patterns. Allographic writing disorders have most often been reported in association with lesions to the left parietal area, including parietal (Friedman & Alexander, 1989; Patterson & Wing, 1989) , parietal-occipital (Black, Behrmann, Bass, & Hacker, 1989; Del Grosso Destreri et al., 2000; Popescu & Vaidya, 2007; Rapp & Caramazza, 1989 ) and parietal-occipital temporal regions (De Bastiani & Barry, 1989 ). Impairment at the allographic level has also been documented in the context of left frontal lesions involving "Exner's area" (Hillis et al., 2002) , or involving the medial frontal cortex (with additional lesions in the corpus callosum and cingulate cortex) (Di Pietro, Schnider, & Ptak, 2011) . Finally, impairment at the allographic level has been documented in svPPA patients with left temporal atrophy . Impairment in graphic motor patterns tends to be associated with more posterior lesions, specifically parietal (Papagno, 1992 ) (Alexander, Fischer, & Friedman, 1992a) or occipital-parietal (Davies, Coughlan, & Ellis, 1997; Lambert, Viader, Eustache, & Morin, 1994) , but has also been associated with Exner's area (Hillis, Chang, Breese, & Heidler, 2004; Roux et al., 2009 ).
Occasionally, right-sided lesions are associated with handwriting impairment (e.g., Margolin & Binder, 1984; Silveri, 1996) . therefore not surprising that dysgraphia is a common feature.
SPELLING IN PPA
Semantic variant. The dysgraphia in svPPA is typically characterised by impairment in spelling of exception words, with a tendency to produce phonologically plausible spelling errors. In other words, these patients tend to be surface dysgraphic. This pattern is so prevalent that it is listed in criteria as a supportive diagnostic feature (Gorno-Tempini et al., 2011; Neary et al., 1998) .
Numerous case studies have documented surface dysgraphia in svPPA (e.g., Caine et al., 2009; Graham et al., 1997; Haas & Ross, 1986; Ward et al., 2000) , and more extensive group studies have corroborated the finding. Graham et al. (2000) documented significant effects of regularity and frequency (with better performance on regular and higher frequency words) in 14 patients with svPPA. There were more phonologically plausible than nonphonologically plausible errors, but most patients produced both types of error. Other group studies have confirmed the regularity effect (Faria et al., 2013; Henry, Beeson, Alexander, & Rapcsak, 2011; Shim et al., 2012) , and documented a similar pattern of errors (Shim et al., 2012) . A contrasting result was obtained by Sepelyak et al. (2011) who found that only two of five svPPA patients showed this It seems relevant to note that this mixture of error types may be more common than is recognised, and the proportion of nonphonologically plausible errors seems to increase with disease progression (for discussion, see Graham, 2000) . For example, one study tracked spelling impairment in a case with svPPA for 7.5 years and documented evolution from predominantly phonologically plausible to predominantly nonphonologically plausible errors which, over time, showed decreasing overlap with the target words (Graham, Patterson, & Hodges, 2001 ). The co-occurrence of phonologically plausible and non-phonologically plausible errors can be explained by both the dual-route and triangle models, but in the dual-route model one most hypothesise two separate loci of functional impairment (i.e., in the lexical and assembled routes), while in the triangle model both types of error can arise from reduction in activation delivered to orthography (for discussion, see Graham et al., 1997) .
The interpretation of the association between surface dysgraphia and semantic impairment is debated in the literature. According to dual-route models of spelling (Figure 1 ), the association arises from neuroanatomical proximity of damaged, but functionally distinct, systems. According to the connectionist triangle model (Figure 2 ), surface dysgraphia arises as a direct consequence of semantic impairment: the spelling of regular words can be accomplished successfully via the pathway from orthography to phonology, while spelling of exception words is less efficient and requires additional input/activation from semantics. Thus, the triangle model predicts difficulty with spelling of exception words when support from semantics is reduced, as happens in svPPA. The model also predicted the finding (obtained in studies of PPA patients) that impairment in spelling of exception words is modulated by the degree of semantic impairment Henry et al., 2011; Patterson et al., 2006; Shim et al., 2012) . Code et al., 2006; Graham, Patterson, & Hodges, 2004) , impairment is prevalent. The most common pattern incorporates features of phonological dysgraphia, together with additional impairments. The features which are consistent with phonological dysgraphia are a lexicality effect and a tendency to produce nonphonologically plausible errors. The features observed in nfPPA which are not expected in phonological dysgraphia are better performance on regular than exception words and production of (relatively fewer, but still some) phonologically plausible errors.
This overall pattern has been reported in single cases (two of six cases, Faria et al., 2013;  two cases, Henry et al., 2011 ; two of three cases, Sepelyak et al., 2011) and in group studies (Graham et al., 2004; Shim et al., 2012) . It has been observed that patients with mild impairment produce a mixture of phonologically plausible and nonphonologically plausible errors, while those with more severe impairment produce mainly nonphonologically plausible errors (Graham et al., 2004) .
Other types of spelling disorder have been reported in nfPPA, but infrequently.
This includes graphemic buffer disorder (two of six cases, Faria et al., 2013 ; one of three cases, Sepelyak et al., 2011 ) and a single case of surface dysgraphia for which supporting data were unfortunately not reported (one of six cases, Faria et al., 2013) . Finally, deep dysgraphia has been reported in two cases of nfPPA (one of six cases, Faria et al., 2013;  one case, Tree, Kay, & Perfect, 2005) . This type of spelling impairment is rare in PPA and in other aetiologies, but has also been documented in single-case studies of a "novel form" of PPA (Snowden et al., 2012) 
HANDWRITING IN PPA
Handwriting is generally thought to be preserved in PPA, but this impression is based upon clinical descriptions (see Graham, 2000) . There is reason to expect preserved handwriting because the abilities upon which it depends (i.e., constructional skills, visuospatial skills, praxis) are typically retained, at least in the early stages. There is, however, evidence to suggest that written letter production is not always fully preserved.
A longitudinal study of two cases with svPPA documented progressive difficulty with production of single letters when there was no model to copy (e.g., in cross-case transcription [UPPER -> lower case, lower -> UPPER case], writing letters to dictation, writing the alphabet) . The difficulty with single letter production occurred in the context of progressive spelling impairment, and to investigate further the association between spelling and handwriting impairments, performance on cross-case transcription of single letters was examined in a group of spelling-impaired patients with a range of neurodegenerative diseases. Results were not reported for individual cases, but for present purposes, I have re-examined those data; six of the seven (additional)
svPPA patients, and all five with nfPPA, showed a deficit in cross-case transcription. At that time, lvPPA had not yet been identified, but a recent study documented mild impairment on single letter tasks in a logopenic patient (Rapp & Glucroft, 2009) . Taken together, these results provide preliminary evidence that a deficit at the allographic (letter shape) level may affect people with any variant of PPA. Further work would be required to confirm the typicality of these findings, but when evaluating a dysgraphic PPA patient, degeneration or progressive supranuclear palsy) (Rohrer, Rossor, & Warren, 2010) , and this can cause difficulty with executing the motor aspects of writing.
TREATMENT STUDIES FOR DYSGRAPHIA IN PATIENTS WITH NON-PROGRESSIVE DISORDERS
As there are few treatment studies for dysgraphia in people with PPA, I will first review successful treatments for individuals with non-progressive dysgraphia. Therapy studies for dysgraphia in PPA will then be described.
Surface dysgraphia. Therapy is aimed at improving lexical spelling by facilitating relearning of specific problematic words. It typically involves copying, studying and attempting to spell target words, which is done with guidance and feedback from a therapist, sometimes supplemented by home practice. Three case studies of patients with non-progressive lesions which used this approach showed a significant improvement on treated items, but no generalisation to untreated items (Aliminosa, McCloskey, Goodman-Schulman, & Sokol, 1993; Beeson, 1999; Rapp & Kane, 2002) . Despite the lack of generalisation, the results of the Beeson (1999) study in particular were impressive because the patient learned to spell a substantial number of words and was able to use them in his daily communication. Another investigation used a similar approach, but incorporated both errorful and errorless learning (Raymer, Strobel, Prokup, Thomason, & Reff, 2010) . In errorless learning, the participant is prevented from making Two single-case studies treated spelling of homophones (Behrmann, 1987; Weekes & Coltheart, 1996) . These words are problematic for surface dysgraphic patients because both homophones in a pair cannot be spelled successfully via phoneme-tographeme conversion, a procedure which usually provides the most likely spelling for a given sound pattern. In both studies, pictures of each word in a homophone pair (e.g., hair/hare, break/brake) were presented, together with the written word, and patients were encouraged to memorise the differences in spelling. Findings indicated improvement on treated items, and the patient studied by Behrman (1987) showed generalisation to untreated exception words. This generalisation was attributed to improvement in visual checking of responses (accomplished via the patient's preserved reading system).
Visual imagery has been used successfully to train spelling of exception words To spell words successfully via phoneme-to-grapheme correspondence rules, it is first necessary to segment target words into phonemes, and this process may be impaired (Beeson, Rising, Kim, & Rapcsak, 2010; Luzzatti, Colombo, Frustaci, & Vitolo, 2000) .
Re-training of phoneme-to-grapheme correspondence rules may proceed via instruction and practice with the rules (Luzzatti et al., 2000) , but the use of "key words"
is sometimes incorporated (Beeson et al., 2010; Hillis Trupe, 1986) . This involves use of words which the participant is able to spell prior to treatment, such as the name of a family member, a country, or other words. For example, when writing the phoneme /p/, a participant may be asked to think of the key word "pie" (Beeson et al., 2010) . Sometimes it is necessary to train the spelling of a set of regular words or nonwords to be used as key words in re-training of sound-to-spelling correspondences (e.g., Cardell & Chenery, 1999; Kiran, 2005) . The studies just described have all demonstrated success in remediating spelling impairment by re-training of phoneme-to-grapheme correspondences and have shown generalisation to untrained words.
Treatment studies for deep dysgraphia are limited. Therapy could target improvement of assembled spelling, as in the work just described. An alternative approach which involved practice with copying target words was found to be effective, but without generalisation to untreated words (Kumar & Humphreys, 2008) .
Graphemic buffer disorder.
Therapy is not generally targeted at improving the functioning of the graphemic buffer per se, but instead enables the patient to circumvent the impairment. For example, Hillis and Caramazza (1987) taught a patient with a graphemic buffer impairment to detect errors by sounding-out words, enabling him to self-correct his spelling. The improvement was sufficient to permit his return to a job requiring production of written reports. Another patient with graphemic buffer impairment was trained to segment long words so that he could attempt to spell them in chunks small enough to be managed by the buffer (de Partz, 1995) . Performance improved on treated words, particularly those which were "decomposable", meaning that they incorporated another word within their spelling; this implies that the patient was able to use sub-word segments to compensate for the buffer impairment. Another patient with a graphemic buffer disorder was taught to segment target words into syllables to enable retention in the buffer, but the therapy also included training on spelling of specific words (Panton, 2008) . Results showed that spelling of untrained and especially trained words improved significantly following therapy. Others have also used studying, practice, and feedback on the spelling of specific words. For example, Rapp and Kane (2002) Thus, a range of treatments have been used for graphemic buffer disorder and have shown improvement on treated items, but generalisation to untreated items has been inconsistent. In this situation, generalisation suggests improvement in the functioning of the buffer, while improvement in specific items is consistent with the idea that the functioning of the buffer benefitted from strengthening orthographic representations and their input to the buffer (Beeson & Rapcsak, 2002) . Therapy for graphemic buffer impairment in lvPPA is described below.
Disorders of handwriting.
Therapy for this type of problem has rarely been reported.
One study used a cueing hierarchy to improve access to the shapes of letters (i.e., allographs) and to improve use of graphic motor planning (Haskins, 1976) . This included, for example, tracing letters, practice with copying letters and words, and writing words to dictation. After five months of therapy there was clear improvement, and writing (in upper case only) had become legible. In another study a patient with an allographic impairment was successfully trained to circumvent the problem by relying on her preserved oral spelling to check for errors in written spelling (Pound, 1996) . This patient was also given a card listing all letters of the alphabet, to refer to when needed.
Another option is to circumvent, rather than treat, impairment at the allographic level or in graphic motor patterns by relying on typing instead of writing (e.g., Black et al., 1989) .
TREATMENT STUDIES FOR DYSGRAPHIA IN PATIENTS WITH PPA
Although impairment in spelling is a common feature in PPA, there are only two evaluations of relevant therapy (Rapp & Glucroft, 2009; Tsapkini & Hillis, 2013) . Both were case studies which treated spelling in lvPPA. In the first (Rapp & Glucroft, 2009 ), the variant of PPA was not mentioned, but it was subsequently identified as logopenic (Tsapkini & Hillis, 2013) . This patient's poor spelling was hypothesised to arise from both a graphemic buffer disorder and a lexical spelling impairment. The therapy consisted of a "spell-study-spell" procedure which comprised spelling and then studying each word with input from the experimenter, and finally spelling each word again. There was a significant improvement on trained words, while performance on control words declined during the same (15 week) time period. Thus, the training provided clear benefit (preventing decline), although the improvement was modest (67% vs. 76% letters correct) and there was no discernible generalisation to untreated items.
The dysgraphic lvPPA patient studied by Tsapkini and Hillis (2013) was hypothesised to have impairments in both the assembled and lexical spelling routes.
Treatment was targeted at the former, and involved training of phoneme-to-grapheme correspondences using key words. Results showed an improvement in accuracy on treated correspondences.
These studies demonstrate that it is possible to improve impaired spelling in PPA, despite the progressive nature of the illness. It seems clear that training on specific words can improve performance and "provide protection" from degeneration for those items (Rapp & Glucroft, 2009 ). To date, there are no published studies evaluating therapy for dysgraphia in svPPA or nfPPA. It is relevant to note, however, that behavioural treatment for anomia can be successful in these variants (see Jokel, Graham, Rochon, & Leonard, submitted, this volume) , which demonstrates that people with PPA are capable 
SUMMARY OF TREATMENT STUDIES FOR DYSGRAPHIA
Therapy studies for non-progressive dysgraphia have generally shown positive results. Surface dysgraphic patients have been successfully re-taught how to spell specific words using practice with feedback, sometimes supported by use of mnemonics.
Generalisation to untreated words is not typically observed. Therapy for phonological dysgraphia involves re-training of sound-to-spelling correspondences, sometimes with the use of key words; the improvement typically generalises to untrained words, but this type of treatment supports spelling of regular words and nonwords only. Therapy for deep dysgraphia has only been reported in one study: training of the spelling of specific words was successful but did not generalise. Therapy for graphemic buffer disorder has shown improved spelling following three different types of training: 1) segmentation of target words into sections which are more manageable for the buffer, 2) inspection of output for errors, and 3) learning the spelling of specific target words. Therapy for problems with handwriting is reported infrequently, but practice has been shown to improve allographic level impairment.
Therapy studies for dysgraphia in PPA are limited, but results are promising.
Improvement in spelling has been demonstrated in two lvPPA patients who were retrained in lexical spelling (of a small set of words), or in assignment of graphemes to phonemes. The improvement was achieved despite overall decline in language function.
Generalisation was not apparent in lexical spelling, and was not evaluated following training of phoneme-to-grapheme correspondences; on the basis of results from stroke patients it seems likely, however, that successful re-training of phoneme-grapheme correspondences in lvPPA would generalise to untrained words. The decision to provide therapy for dysgraphia, in addition to or instead of therapy for spoken language impairments, should reflect the priorities and lifestyle of the patient. This decision may also be based on communicative needs: if written language is better preserved than spoken, it will become a higher priority for intervention. Given the progressive nature of the disorder, it seems particularly important to ensure that any treatment for dysgraphia in PPA is aimed at functional gains. For example, when training the spelling of specific words (in cases of surface dysgraphia), the focus should be on words which are relevant in the patient's daily life. If speech is becoming difficult to produce, as can happen with apraxia of speech (a common feature in nfPPA), it seems wise to focus on retention/improvement of phoneme-grapheme correspondences (if needed) to enable comprehensible written communication.
TRANSLATION OF CURRENT FINDINGS INTO CLINICAL PRACTICE
To provide well-motivated treatment, it is essential to identify the aspects of spelling and/or handwriting that are impaired and preserved. This is done by evaluating the factors that affect spelling accuracy (e.g., regularity, lexicality, length, etc.), as well as the nature of the errors. A list of spelling tests which may be useful in this evaluation is provided in Table 1 . Errors can broadly be classified as phonologically or nonphonologically plausible. Production of mainly phonologically plausible errors suggests a deficit in the lexical spelling route. Note, however, that it is important to ascertain the individual's premorbid level of spelling ability, as normal spellers may produce phonologically plausible errors on words which they never mastered. Within the normal population, there is a wide range of spelling abilities and the clinician should check that an apparent spelling impairment actually reflects a change from previous functioning.
( (Beeson & Henry, 2008; Beeson & Rapcsak, 2002) .
Once the locus or loci of impairment have been identified, the therapist will be able to target intervention appropriately. The main types of therapy (reviewed above)
are: re-training of the spellings of specific words, re-training of sound-to-spelling correspondences, practice with segmenting the target word into smaller chunks, and training in identification of spelling errors and self-correction.
In conclusion, there is evidence that spelling impairment in PPA is amenable to treatment, but this has only been demonstrated in lvPPA. Therapy for dysgraphia has mainly been evaluated in non-progressive conditions and this work demonstrates treatment methods that may be useful in PPA. The literature demonstrating that PPA patients can benefit from therapy for anomia supports the expectation that they can also benefit from therapy for dysgraphia, despite the progressive nature of the condition.
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Arizona Battery of Reading and Spelling (Appendix A, Beeson et al., 2010) Comprises lists of regular words, exception words and nonwords PALPA battery (Kay, Lesser, & Coltheart, 1992) Extensive battery of psycholinguistic tests includes spelling lists and assessments of letter knowledge
Lists of regular and exception words Hughes, Graham, Patterson, & Hodges, 1997) Word lists which are sensitive to surface dysgraphia List of homophone pairs (Behrmann, 1987) Word list which can be used to assess spelling of homophones (which would typically be impaired in surface dysgraphia)
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